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(54)TiUe: METHOD TO INCREASE REGULATORY MOLECULE PRODUCTION 
(57) Abstract 

The present invention provides a method to increase the production of a regulatory molecule, i.e., a molecule that regulates cell 
behavior, such as a cytokine or a protooncogene. in population of transfected cells, whether normal (resting or activated) or tumor cells. 
The method involves mutating a native or "wild type" cDNA sequence that encodes an mRNA sequence for a regulatory molecule to form 
a mutant cDNA sequence capable of producing a more stable mRNA sequence. Specifically, the method involves mutating a wild type 
cDNA sequence that encodes an unstable mRNA sequence for the regulatory molecule, wherein the mRNA includes a 3* untranslated 
region having a destabilizing clement comprising an AUUUA sequence, to form a mutant cDNA sequence capable of producing a more 
stable mRNA sequence, wherein the AUUUA sequence is replaced by AUGUA, AUAUA, GUGUG, AGGGA, GAG AG, or a combination 
thereof; and transfecting a cell population with the mutant cDNA sequence so that the production of the regulatoxy molecule is enhanced 
by the cells. 
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MEIHOD TO INCREASE REGUIATQRY 

Background of the Invention 
5 Cytokines are proteins released by lynphocytes, endothelial 

cells, neurons, gjia, mononuclear cells and transformed or tumorigenic cells 
iqx)n contact with specific antigens, proteins or other cells. Goierally, they 
are important cell-cell communication and cellular regulation. More 
specifically, they affect the function of all cell types involved in the immune 

10 and hematopoietic systems. FurthCTmore, they have been inplicated in the 
pathophysiology of a wide range of diseases. Examples of cytokines with 
ther^utic importance include interferons a and y, interleukins 1, 2, 3, 4, 6, 
10 and 12, tumor necrosis factor a, colony stimulating factors (CSF) including 
granulocyte-macrophagp colony stimulating fector (GM-CSF), M-CSF and G- 

15 CSF, and aythropoietin. 

Cytokines hold considerable promise for anti-cancer ther^y. It 
is accq>ted that a local inflammatory response accompanied by anti-tumor 
activity can be induced by cytokines. GM-CSF, interlojkins 2, 4, 6, and 12, 
as well as tumor necrosis &ctor a (TNF-a) have all shown considerable 

20 promise as anti-canca- therapeutics. Ideally, therapeutic cytokines would be 
induced at hi^ levels only in the vicinity of the tumor. Unfortunately this 
goal has been impossible to adiieve with systemic administration or even 
local infusion of proteinaceous cytokines. Difficulties with this approach 
included significant side effects, the great expense of the amounts required 

25 and imperfect delivery technology. In addition, cytokines expressed in vivo 
after gene transfer tend to be poorly e^q^ressed, despite their introduction in 
transcriptionally active e^qpression constmcts. The poor expression of 
qtokines after gene transfer has limited their widespread application in the 
treatmait of cancer patients. The inability of cytokines to be expressed 

30 eflfectively in vivo likely reflects intrinsic cellular and molecular mechanisms 
which rigorously control cytokine production. 
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Protooncogenes are normal cellular genes \vhich, upon loss of 
function, structure or regulation, can induce the conversion of normal cells 
into cancer cells. The loss of normal regulation typically involves genetic 

m 

mutation such as chromosomal rearrangement. A variety of leukemias are 
5 well characterized for such reanangements, vsdth the most vv€ll to^ 

the Philadelphia diromosome abnormality. In normal cells, protooncogenes 
regulate aritical cell pathways which determine the growth rate, differentiation 
and cellular ftmction. Classes of molecules known as tumor suppressing 
genes appear to act as anti-oncogoies by blocking the transforming effects of 
10 oncogene overexpressioa At this time, the most obvious and best-supported 
use of protooncogene protein products would be as vaccines to elicit immune 
responses in patients who harbor tumors induced by oncogene overe?q3ression. 
Thus, there may also be expanding uses for in vivo protooncogene e^ession 
aftCT gene transfer. 

15 A number of studies have draionstrated that post-transcriptional 

regulation is the dominant means that lynq^hoid and fibroblastic cells control 
cytokine expression. In resting cells, mRNAs for cytokines such as GM-CSF, 
interleukin 2, interleukin 3 or TNF-a are intrinsically unstable with decay 
rates (T,/2) on the ord^ of 20-40 minutes. This is primarily due to the 

20 presmce of adenosine-uridine rich (AU-rich) sequmce elemmts, or "ARE", 
located in the 3* untranslated region (UTR). For cxaraplt, these AU-rich 
elements cause GM-CSF or interleukin 3 mRNAs to be rapidly degraded in 
the qtoplasm of resting cells. Thenpiddecay of mRNAs severely reduces 
mRNA accumulation and hence the amount of protein that can be produced. 

25 The AU-rich elements are composed of multiple reiterations of 

the pentameric sequaice adenosine-uridine-uridine-uridine-adenosine 
(AUUUA). In GM-CSF mRNA the AUUUA elements are present in tandem 
anray (i.e., AUUUAUUUAUUUA) but this arrangement appears not to be • 
obligatory. Other unstable cytokine mRNAs including interferon gamma, 

30 TNF-a and interleukin 6 contain AUUUA motifs vMch are dispersed * 
throughout the 3' untranslated region. Removal of the AU-ridi elements from 
GM-CSF mRNA led to increased stability of the mutant message while 



wo 95/29244 PCTAJS95/04903 

3 

inclusion of the AU-rich element into the 3' untranslated region of the 
previously stable globin mRNA caused the latter to be rapidly decayed 
These and other data have demonstrated that the AU-rich element causes 
cytokine mRNAs to be rapidly degraded in the cytoplasm of resting cells. 
5 Protooncogene mRNAs often contain AU-rich elemmts whidi 

are identical to those in the cytokine mRNAs. Very little is known about the 
mechanisms vAnch underlie the control of protooncogene mRNA stability. 
The inclusion of AU-rich elements in many of these molecules suggests that 
protooncogene mRNAs will be similarly if not identically regulated as 

10 cytokine mRNAs. In two systons, howevar (fos and myc) the AU-rich 
element functions in tandem with a poorly described second element located 
in the coding region. Either element appears sufficient to induce the rapid 
decay of fos or myc mRNA in resting cells. 

Lymphocytes activated by phorbol esters, cytokines including 

15 interleukin 1 or TNF-a, or plant lectins (phytohemagglutinin-PHA) show 
dramatically increased levels of cytokine mRNA. This transcriptional 
iq^regulation, however, plays a minimal role in contributing to mcreased 
steady state levels of mRNA after cell activation. Instead, mRNA 
accumulation appears to be determined by a near complete inhibition of 

20 cytokine mRNA decay. Therefore, cells contain mechanisms which can 
attenuate or accelerate the decay of cytokine mRNAs to preserve appropriate 
cell ftinction. This regulation zppears to revolve around the AU-rich elonoit 
and as discussed later, spears to be mediated by proteins v^ch interaa with 
iL^ 

25 In an effort to understand how the degradation of mRNAs 

containing AU-rich elements are regulated, Malta- et al. have assayed 
cytosolic lysates from activated cells for proteins vAnch can bind to the 
AUUUA motif Hiey have described a protein factor v^iiich specifically . 
interacts with this element and based upon its binding specificity for AUUUA 

30 motife, denoted it the "AU-binding factor" or simply "AUBF." See J.S. 
Matter, Science, 2A^ 664-666 (1989); J.S. Malter et al., J Biological 
Chemistry, 266, 3167-3171 (1991); and P. Gillis et al., J Biological 
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Chemistry, 2M, 3172-3177 (1991). AUBF specifically binds to multiple 
reiterations of the AUUUA sequence. This factor is not detectable in resting 
or quiescent cells (cells which have not ait^ed the cell cycle) but it can be 
rapidly induced after cell activation with phorbol esters, lectins or cytokines. 
5 In addition, Malter et al. have detected constitutive AUBF activity in many 
tumor cell lines including those from lynqjhoid, fibroblastic or neural origin. 
Many of these same cell lines contain abnormally stable cytokine mRNAs. 

The disruption of the AU-rich elements ("ARE") with a variety 
of nucleotide substitutions have been uniformly shown to stabilize the 

10 resultant cytokine mRNA In all cases, the more stable mRNA accumulated 
to hi^er than wild type levels. However, the accumulated, mutant mRNA 
has not been shown to be eflBcioitly translated. This has led a variety of 
investigators to propose that there is an invCTse conrelation between cytokine 
mRNA stability and translation. See, for example, Bhonsale et al. Genes and 

15 Development, fi, 1927 (1992). Ihas, it is believed that the more stable the 
mRNA, the less it translates, which results in decreased production of the 
regulatory molecule, e.g., cytokines. 

Additional work in A^iiich cytokine DNAs have been genetically 
oigineered to be poorly translated by a mutation of the start codon or 

20 ribosome binding site, generally produced very stable cytokine mRNAs. This 
has ftnthered cunrat thiriking that the more stable qtokine mRNAs become, 
the more poorly translated they are. 

Therefore, a need exists for a method to enhance the production 
of Qtokines from stabilized mRNAs in a manner that can enhance the 

25 production of cytokines in cells or tissues. 

Summaiy of the Invention 

The present invention provides a method to increase the 
production of a regulatory molecule, i.e., a molecule that regulates cell 
30 behavior, such as a cytokine or a protooncogene, in a population of ^ 
transfected cells, whether normal (resting or activated) or tumor cells. The 
method involves mutating a native or "wild type" cDNA sequence that 
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encodes an mRNA sequence for a regulatory molecule to form a mutant 
cDNA sequence capable of producing a more stable mRNA sequence. The 
"wild type" mRNA sequence, i.e., the mRNA sequence encoded by the native 
or "wild type" cDNA sequence, is genially unstable relative to the mutant 
5 mRNA sequence, e.g., having a decay rate (J^^ of less than about three 
hours, as a result of a destabilizing elraienf or elements present in the 3'- 
untranslated region of the '\vild type" mRNA The method subsequently 
involves transforming, i.e., transfecting, a population of cells with the mutant 
cDNA sequence so that the production of the regulatory molecule by the cells 

10 is enhanced. The transfection can occur in vitro or in vivo with enhancement 
of regulatory molecule production. The target cell populations can be 
prokaryotic as well as eukaryotic, including mammalian cells, plant cells, 
yeast cells, etc. Prefaably, the target cell populations are mammalian. 

More specifically, the present invention involves identifying a 

15 wild type cDNA sequence encoding an unstable mRNA sequence >\lierein the 
instability is due to the instability determinant, i.e., destabiliidng element, 
AUUUA, in the ,3'-untranslated region of unstable "wild type" mRNA 
Preferably, the instability is due to at least two, e.g., 2-8, AUUUA sequences 
in the 3'-uritranslated region. The multiple AUUUA sequmces can be in 

20 tandem array as in the sequence AUUUAUUUAUUUA. The cDNA is then 
mutated in vitro so that the resultant AUUUA sequences are replaced by 
sequences that permit the corresponding mRNA to resist binding by AU- 
binding factor, while still being efiSciently translated into the desired 
regulatory molecule^ e.g., cytokine. For example, at least one, and preferably 

25 all of the AUUUA sequences can be replaced by AUGUA, AUAUA, 

GUGUG, AGGGA, or GAGAG sequences or a combination thereof Target 
cells, e.g., mammalian cells, are then transfected with the mutant cDNA, and 
the corresponding stabilized mRNA results in a substantially increased (e.g., at 
least about 5-lOx) production of the target regulatory molecule. This 

30 enhanced production of the regulatory molecule was wholly unexpected in 
view of prior work suggesting that such stabilized mRNA molecules would be 
poorly translated in vivo. 
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In its broadest aspect, the present method can be applied to any 
cDNA coding for a protein whose mRNA contains destabilizing sequences. 
The examples hereinbelow en^jloy cDNAs coding for cytokines which contain 
the AUUUA destabilizing determinant. Such cytokines include, but are not 
5 limited to, TNF alpha, intaferons alpha, beta and g^mma, interleukins 1 
througji 13, granulocyte macrophage colony stimulating fector (GM-CSF) and 
a variety of neuropeptides including navt growth &ctor, and calcitonin. 
Protooncogenes including c-myc, c-fos, c-myb, c-sis, c-rel and others also fall 
into this class. Ihere are q)proximately 50 to 100 mRNAs v^iiich mi^t or do 

10 have medicinal applications v/hidi contain AUUUA repeats. 

It is also believed that similar mutations in the 3' untranslated 
region of erythropoietin (Epo) messenger RNA increase the production of Epo 
in bioreactors or cells. Erythropoietin is a glycoprotein hormone of 34 kDa 
that stimulates the proliferation and differoitiation of erythroid progenitor 

15 cells. The instability determinant for Epo is within the 3' untranslated region 
of Epo mRNA, specifically within the region from nucleotides 759 throu^ 
879. This destabilizing element is not based on AUUUA sequences. This 
region, however, can be substituted with an in-elevant sequence that stabilizes 
Epo mRNA, increases its steady state levels, and leads to enhanced ^x> 

20 expression. Specifically, the method to increase the production of 

eiythropoeitin in a population of transfected cells includes: mutating a wild 
type cDNA sequence that aicodes an unstable mRNA sequoice for 
erythropoietin, wherein the mRNA includes a 3' untranslated region having a 
destabiliang element witfiin nucleotides 759-879, to form a mutant cDNA 

25 sequence capable of producing a more stable mRNA sequence, wherein the 
destabiliang element is replaced by neutral sequences of comparable length, 
for example, fi-om actin or globin; and transfecting a cell population with the 
mutant cDNA sequence so that the production of erythropoietin is enhanced 
by the cells. 

30 As used herein with respect to the mutant mRNA formed by 

the present method, the term "more stable" can be evaluated in terms of the 
increased levels of regulatory molecule, e.g., polypeptide (or "protein"). 
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produced from the mutant mRNA as opposed to the "wild type" mRNA 
encoding the same polypeptide. AJtematively, or additionally, the stability of 
the mRNA can be evaluated in temis of the reduction in the ability of a 
specific mRNA binding protein, e.g., AUBF for mRNAs containing AU-rich 
5 elements, to bind to the wild type mRNA, as measured by assays described 
hereinbelow. 

The present invention also includes within its scope oqaression 
vectors or casettes, e.g., phages, plasmids, viral vectors, and the like, 
containing the mutant cDNAs produced by the method of the present 

10 invention. Prefaably, the ejqiression vectors contain mutant GM-CSF or IL-3 
cDNAs that encode for mutant mRNAs containing AUGUA for the AUUUA 
elemmts of the 3' untranslated region. The present invention also includes 
within its scope cell populations, e.g., stable cell lines, transfected with the 
mutant cDNA of the present invention. These cell populations produce the 

15 desired regulatory molecule at a hi^er level than do noraial cells containing 
wild type cDNA, 

Brief Descri ption of the Drawing s 
Fig. 1 : Schematic of the procedure of the present invention for 
20 stabilizing mRNA and enhancing regulatoiy molecule production. 

Fig. 2: Oligonucleotide sequances used in one embodiment of 
the method of the presmt invmtion. Figure 2A shows the GM-CSF amplimer 
sets for PGR mutagmesis. The underlined sequences are complementary to 
GN4-CSF. Figure 2B shows the IL-3 amplimer sets for PGR mutagenesis. 
25 The underlined sequences are complementary to IL-3. 



Detailed Description of the hvention 

The present invention provides a method to increase the 
30 production of a regulatory molecule, i.e., a molecule that regulates cell 
behavior, such as a cytokine or a protooncogene, in a population of 
transfected cells by stabilizing the unstable mRNA sequence for the regulatory 
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molecule via targeted mutations of the 3' untranslated region ("UTR") of the 
mKNA. Specific application of this method involves stabilizing qtokine or 
protooncogene mRNA via targeted mutations within the AU-rich elements 
("ARE") of the 3' untranslated region. The present method is exemplified by 
5 a demonstration that substitution of AUGUA for AUUUA sequences in the 3* 
UTR of GM-CSF or interleukin-3 has a positive eflFect on mRNA stability and 
gene cjqDression. IhCTefore, it is e>q)ected that the effects of ARE mutation in 
cDNAs coding for protooncogqies also enhanced mRNA stability and 
translation. Mutant protooncogene cDNAs can be constructed in an analogous 

10 manner to cytokine cDNAs. 

The prefOTed method for such mutagoiesis is overlap-extension 
PGR Other methods, including excision mutagenesis, linker-scanno- methods, 
or restriction digestion/repair can also be used. The overall strategy with GM- 
CSF as an example is shown in Figure 1. PGR primers are produced wWch 

15 are complementary to the 5' and 3' termini of the cDNA, which if used 
together would produce a fiilHength amplified fiagment. Two internal 
primers are also produced (mutagoiic PGR primas whose 3* 18 bases are 
complementary to the cDNA of interest immediately 5' or 3* of the AUUUA 
motife). The 5* end of these mutagenic primers are complementary to one 

20 another and code for 4 consecutive AUGUA, AUAUA, GUGUG, AGGGA, or 
GAGAG repeats. These sequences can be insated as pyrimidine to purine . 
substitutions or adenosine to guanosine swaps in the AUUUA element to 
disnpt their interactions with AUBF. 

PGR is performed on the cDNA in two successive steps. First, 

25 the 5' and 3' ends of the target cDNA are amplified with primers 1/2 and 
primers 3/4 (see Figure 1), effectively eliminating the AUUUA elements. 
After 30 cycles of PGR, amplified Segments are visualized and excised fix)m 
ethidium bromide stained agarose gels. After purification on Qiagen beads, 
the amplified fi:agments are mixed together, denatured and allowed to anneal 

30 by their conplementary ends. In order for this method to be successfiil, the 
calculated T^ of the overlap must be >35°C. Therefore, all of the overlaps 
contain wap\^ sequence length or base composition to ensure this. After 
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reannealing, Taq polymerase and the two terminal primers (primers 1/4) are 
added to allow extension and amplification of fill! length mutant cytokine 
cDNA's. In addition, mutant cDNAs can be sequenced using PGR primes 1 
and 4 to verify insation of the ^ropriate sequaices in place of the AUUUA 
5 motife. 

Mitagenized cDNA's are then insoted into ejqaression or 
transcription vectors via the 'T' tailing method. This permits i^id cloning of 
PGR fiagments without the need for restriction enzyme digestion. The present 
expression vectors contain regulatory regions flmctional in mammalian cells, 

10 i.e., an tqjstream CMV paomotor with downstream SV 40 splice and 
polyadenylation signals. These constructs are transcriptionally active in 
resting mammalian cells sudi as lymphoQtes, fibroblasts, skin or tumor cell 
lines after their introduction into cells by transformation methods known to 
the art, sudi as microprojectible bombardmoit or viral ttansfection. 

15 The mutations listed above display essentially no interaction, 

i.e., binding, with AUBF. The ability to interact with AUBF is a good 
indicator of protein overexpression. Mutant mRNAs can also be radiolabeled 
in vitro and used in RNA gel mobility shift assays, which invoWe transcribing 
radiolabeled cytokine KNAs in vitro by T7 RNA polymerase and incubating 

20 the products with Qtosolic lysate derived fiiom activated peripheral blood 
mononuclear cells or Juricat cells under ^3propriate icmic conditions. Afto- 10 
minutes, RNAse Tl is added to cleave unprotected probe RNA followed by 
native or SDS-PAGE AUBF-RNA conplexes migrate with an aggregate 
molecular size of 42 Kd on SDS-PAGE Binding to AUBF is very sensitive 

25 to modest changes within the AUUUA sequence. It is e>q)ected that all 
mutations produced in accwd with this mdhod vwU bind poorly or not at all 
to AUBF. 

Preferably, the presait method will be carried out so as to leave 
intact as much of the wild-type 3' UTR sequence as possible so as not to 
30 interfere with gene expression. A purely reductionist approadi, for cxmspXt 
deletion of the entire 3' UTR, often results in mRNAs vvhich do not 
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accumulate or are poorly translated. Tlie unpredictability of gene expression 
is a major problem which the present method avoids. 

The mutagenization of protooncogene cDNAs are technically 
more complex than GM-CSF since GM-CSF contains one concentrated block 
5 of AUUUA sequences which can be deleted and substituted with AUGUA or 
other mutations in one single PGR ovarlap step. Protooncogene cDNAs 
however, often contain well-spaced AUUUA containing regions vMch will be 
removed sequoitially. This potentially permits a cassette mutagenization 
approach whaeby the ARE(s) are changed, and inserted into a previously 
10 ARE deleted, cDNA backbone. This ^roach is sin5)la: as many of these 
cDNAs are >4 Kb and difficult to prepare entirely by PGR Therefore, eithCT 
protocol described above will be applied to protooncogene cDNAs and 
mutagenized. 

The mutant cDNAs of the present invention can be used to 

15 transform, i.e., transfect, tumor or normal cells, using any known method, e.g., 
electroporation, lipofectin, calcium phosphate, DEAE-Dextran, and the like. 
Isolated total mRNA is used for northern blotting or cellular supernatant is 
used for ELISA of cytokine or protooncogene production. As protooncogaae 
polypeptides are not usually extracellular, a 5* secretory signal will be insoted 

20 in frame, upstream of the normal coding sequonice. This modification will 
direct the nascent protooncogene polypeptide into the Golgi for ultimate 
secrrtioa RNA isolation is via the acid-phenol mediod. A preselected 
amount, i.e., 10-20 \ig of total RNA is electrophoresed on formaldehyde 
denaturing agarose gels prior to transfer nylon membranes. Blots are 

25 hybridized to radiolabeled cDNAs, washed and exposed to film to determine 
mRNA accumulation. Controls including stable, nbnmutated mRNAs such as 
actin will be used to verify equal loading and transfer. Cells transfected with 
equal amounts of control, unmutated protooncogene cDNAs will also be 
evaluated to calculate the degree of enhancement the ARE mutations have 

30 produced. The control transfectants will also be analyzed by ELISA for the 
concentration of extracellular protein. 
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Cytokines that do not contain an AU-rich element in the 3' 
untranslated region of mRNA can also be produced in hi^er amounts using 
the general method of the presait invention, i.e., by stabilizing the unstable 
mRNA sequOTce for the cytokine via targeted mutations of the 3' untranslated 
5 region of the mRNA A specific exanple is that of aythropoietin. 

The Hep 3B hepatoblastoma cell line, a human hq^atoma line, 
constitutively produces small amounts of erythropoeitin (Epo) v^ch can be 
significantly increased in response to hypoxia or cobaltous chloride. 
Enhanced Epo production was preceded by a lager increase in the steady state 

10 levels of Epo mRNA Une^qDcctedly, the upregulation of Ejx) mRNA in 
response to hypoxia was only partially due to increased 1^ transcription. 
Measurement of Epo mRNA turnover by actinomycin D treatment of Hep 3B 
cells demonstrated that the message was markedly stabilized with an increase 
in the half-time fit)m 1.5 to approximately 7.5 hours. These data suggest that 

15 Epo expression is partially regulated at the post-transcriptional level. 

Furthermore, interaction between Epo mRNA at nucleotides 759-879 and the 
cytoplasmic Epo mRNA binding protein of 70 kDa described in I.J. Rondon 
and J.S. Malter et al., J. Biol. Chem. , 266, 16594-16598 (1991), indicates that 
this region of Epo mRNA defines important cis elements. Also, the activity 

20 of this protein ("ERBP" or erythropoeitin mRNA binding protein) can be 
increased by hypoxia, v^hich demonstrates co-regulation by a stimulus known 
to stabilize Bpo mRNA. In the absence of bound protein, the region from 
nucleotides 759 throu^ 879 acts as a destabilizer of Epo mRNA and 
attenuates its accumulation in cells. Therefore, removal of this element and 

25 substitution with an irrelevant sequence will stabilize Epo mRNA, increase its 
steady state levels, and lead to enhanced Bpo secretion. Many neutral 
sequences can be inserted into this position including 3' UTR regions of 
comparable length from actin or globin. 

The construction of Bpo cDNA mutants is analogous to the 

30 construction of GM-CSF and IL-3 cDNA mutants described herein. Briefly, 
the 5' and 3' ends of the cDNA are amplified by PGR in separate tubes to 
eliminate the intervening instability element. Overlapping, conplementary 
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sequOTces introduced on the PGR amplimers are used to produce overlap 
extension in a subsequent reaction. The resulting mutant cDNA is then 
subcloned by standard means into an expression vector. 

The invention will be further described by reference to the 
5 following detailed exanples. These exanples are oJGfered to further illustrate 
the various specific and preferred embodiments and techniques. It should be 
understood, however, that many variations and modifications may be made 
while remaining with the scope of the present invoition. 



10 lE^ppniiientq; ff^camples 

Example 1: cDNA Cnn stnKtion of Mutant GM-C^ 
and Interieuldn 3 fILr3) 
cDNAs ' coding for GM-CSF was obtained from the American 

15 Type Tissue Collection, Rockville, Maryland (ATCC No. 39754). Full length 
cDNA for IL-3 was obtained from Dr. Christoph Moroni, Department of 
Microbiology, University of Bassel, Switzerland The sequence is published 
by T, Osuka et al., J. Immunol.. 14Q, 2288 (1988). Mutagenesis of these 
constructs was performed by overlap extension polymerase chain reaction 

20 (PGR) (see Figure 1 for schematic), as described by R. Higuchi in "Using 
PGR to Engineer DNA", PCR Technology, pages 61-70, H. Erlich, editor, 
Stockton Press, 1989. Briefly, oligonucleotides complimentary to opposite 
strands of the most 5' and 3* regions of GM-CSF and ILr3 cDNAs were 
synthesized by standard phosphoramadite chemistry and designated herein as 

25 GM-1 and GM-4, 11^3-1 and 11^3-4 (see Figure 2 for the sequences). These 
ranged from 17 to 24 bases in length and contained approximately 50% GC 
residues with calculated melting tenq^enitures in the range of 45-55°C 
Mutagenic primers were constructed containing complimentary sequences to 
GM-CSF or IL-3 cDNAs immediately 5' or immediately 3' to the AUUUA 

30 repeats present in the 3' UTRs of these cDNAs. These oligonucleotides are 
designated herein as GM-2 and GM-3 or IL-3-2 and IL-3-3 (see Figure 2 for 
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these sequences). At the 5' end of the mutagenic oligomers were 17 bases 
consisting of 4 ATGTA or TACAT reiterations, respectively. 

Hie goal of PCR with these primer sets was to introduce 4 
tandem repeats of the sequence AUGUA and delete the original AUUUA 
5 repeats. PCR was perfonmed on GM-CSF or IL-3 cDNA taiplates using 
primer sets GM-1/2; GM-3/4; E^3-l/2; and IL-3.3/4, using a 92°C 
denaturation for 1 minute, WC annealing for 1 minute and extension at 72°C 
for 30 cycles. PCR products were visualized by agarose gel electrophoresis 
with ethidium^ bromide staining as well as by absorbance at 260 nanometers. 

10 20 nanograms of the amplified fiagments from the GM-CSF-1/2, and GM~ 
CSF-3/4 or 11^3-1/2 and IL-3-3/4 PCR products were mixed together in the 
presence of primer set GM-CSF-1 and GM-CSF-4 for the amplification of 
GM-CSF or IL^3-1 and E.-3-4 for the production of mutant IL-3 cDNAs. 

Prior to the addition of the primer sets mentioned above, the 

15 first 5 cycles WCTe performed with the 5' and 3' amplified fragments as a 2- 
step PCR using an annealing temperature of 36°C for 3 minutes prior to 
denaturation at 92°C for 1 minute. Following these initial 5 (ycles amplimers 
1/4 for GM or IL-3 were added and 35 subsequent cycles were performed, 
using a 3-step PCR with denaturation at 92°C for 1 minute, annealing at 44°C 

20 for 1 minute and extmsion at 72°C for 1 minute. Products were visualized by 
agprose gel electrophoresis with ethidium bromide staining and the appropriate 
sized band of approximately 750 base pairs for GM-CSF and 950 base pair 
for IL-3 were visualized and excised from the gel. 

These products were further purified by the Qiagen kit 

25 (obtained from Qiagen Corporation, Chatsworth, CA) and ligated into an 
EcoRV cut, T-tailed, CMV (cytomegalovirus) driven ejqjression vector with 
downstream SV40 polyA signals. Ligations were performed at l&'C for 18 
hours under standard conditions.foUowed by electrotransformation of 
conpetent E. coli strain DH5a Recombinants were identified by PCR 

30 screening using primers sets 1/4. After the identification of recombinants, 
plasmids were produced at large scale by standard methods and purified by 
cesium chloride deaisity centrifugation. See Figures 1 and 2 for description of 
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the sequence of the construction of these recombinant GM-CSF and IL-3 
e?q)ression factors. 

Eyamplg ?; P>?paration pf ppH or Cell QAtrn^ 
5 Nomial human paipheral blood mononuclear cells (PBMC) 

were obtained from healthy volunteer blood donors with q>propriate consent. 
Approximately 200-500 ml of v^ole blood was removed to heparinized blood 
collection bags. Whole blood was diluted 1:1 with RPMI 1640 media without ^ 
fetal calf serum and layered over ficoU-hypaque prior to centrifiigation at 

10 1200 ipm for 25 minutes. The v^te cells were carefully removed, transferred 
to 50 ml conical tubes and washed twice with phosphate buflFered saline. The 
cells obtained were greater than 95% viable as assessed by trypan blue 
exclusion with yields of 6 x 10^ cells per 500 ml wiiole blood starting 
material. The cells were then transferred into RPM 1640 media containing 

15 10% fetal calf serum and used immediately for transfection or stored 

ovemi^t in a 5% CO2 environment at 37X. No differences were observed 
with cells used immediately or those cultured ovani^L 

Chinese hamster ovary cells (CHO cells) were maintained as a 
monolayer on plastic plates in DMEM media with 10% fetal calf serum, 

20 sodium pyruvate and glutamine at 37°C in a 5% CO2 humidified environment. 
Cultured cells were fed on each of the three prior days before transfection. 

Example 3: ItansfeciBon of Cells or Animals with GM-CSF 
or IL-3 cDNA and RNA Analysis by Northern Blotting 
25 (A) Mjcroprgjectile Bomb9i:dmgnt 

Particle bombardment mediated gene transfer was performed as 
described by J. Burkholder et al., Journal of Immimological Methods, 165, 
149-156 (1993). Briefly, this method utilizes gold beads of approximately 1 
micron in diameter vMch have been coated with cDNA. Coated gold beads 
30 (10 lig cDNA/5 X 10^ target cells) are layered on a mylar sheet and placed 
over the discharge orifice of the particle bombardment gun. Within the orifice 
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is a 25000 volt capacitor which upon discharge aeates a shock wave 
sufficient to accelerate the gold particles on the mylar sheet forward. The 
moving projectiles penetrate target cells or tissues and introduce the DNA into 
the cells. In order to transfect cell lines, Ihcy are typically coated or sown on 
5 a plastic dish, vMch is inverted and placed over the discharge orifice of the 
particle acceleration gun. Approximately 6-10% of the total targpt cell 
population is elBFectively transduced by this method. 

For these studies, Oiinese hamster ovary cells or quiescent 
normal PBMC were used without activation. After the transfection, 5 x 10^ 

10 cells wCTe resuspended or incubated in 1 ml of conplete media (RPM 1640 
with 10% fetal calf serum) and retumed to culture at 37°C in a 5% CO2 
environment. At various times after transfection, cells were pelleted by 
COTtrifiigation and lysed with 4 M guanidinium isothiocyanate, then processed 
to isolate total RNA The RNA was deproteinated and selectively isolated 

15 fi-om DNA by the standard acid-phenol method and subsequently precipitated 
with ethanoL After resuspaision in formamide, RNA was quantitated by 
absorbance at 260 nanometers and size separated on formalddiyde-agarose 
denaturing gels using standard techniques. RNAs were visualized after 
electrophoresis by ethidium bromide staining and typically present in near 

20 identical amounts fix)m lane to lane. 
(B) Northern Blotting 

After washing the gel with DEP-treated watCT, the RNA was 
transferred to nylon support by vacuum transfer using a Pharmacia-LKB 
vacuum transfer system as described by the manufacturer. RNA was 

25 identified on the nylon filter by fluorescence visuali2ation and noted to be 
completely transferred from the gel. Filters wctc baked at 65*^0 for 30 
minutes prior to prehybridization and hybridized using AmCTshams quik-hyb 
solution as desaibed by the manufacturer. 
I . Typically, prehybridizations were carried out for 30-60 minutes 

30 and hybridizations for 1.5-3 hours using GM-CSF or IL-3 specific cDNA 
radiolabeled probes at 10^ CPMs/ml hybridization buffer labeled by the 
random priming method to specific activities greater than 10^ 
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CPMs/microgram DNA. Blots were washed twice in 2x SSaO.1% SDS at 
room temperature for 15 minutes followed by high stringency washes at 60- 
65X for 15 minutes in O.lxSSaO.1% SDS. Filters were exposed to film 
with two intaisifying screms for 16-24 hours. To verify equal loading and 
5 transfCT of the RNA, filters were also hybridized with GAPDH radiolabeled 
cDNA probes. 

(C) Protein Agsgty 

Supematents fiom transfected cells were harvested at various 
10 times and growth factor production determined by GM-CSF or IL-3 specific 
EUSA kits as described by the manufacturer (R and D Systems). Briefly, the 
kits contain immobilized qlokine specific antibodies in 96 well microliter 
plate format, Supematants are added neat or diluted to the 96 well plates, 
allowed to bind to the immobilized antibody, washed extensively, and a 
15 secondary anti-c^okine antibody whidi is coupled to a detectable label is 
added. After extensive washing, color development is visualized and vnth the 
use of a standard curve, the concentrations of qlokine in the unknown 
sanples are determined. In all cases standard curves were simultaneously run 
to calculate cytokine concentrations in the transfected supematents. 

20 

(D) AUBF Asg jiy 

AUBF (adenosine-uridine binding factor) assays are performed 
essentially as described by J.S. Nblter, Science, TAG, 664-666, 1989. Briefly, 
Jurkat cells (T cell leukemia line, human origin) are lysed with 0.5% NP-40, 

25 in 10 mM tris pH 7.5, 15 mM KCl, 0.2 mM DTT, and 0.1 mM PMSF, at 4X 
for 5 minutes. Crude cytosol is prepared by centrifiigation of lysed cells at 
15000x g for 15 minutes at 4°C. The supemate is removed and sn^ jfrozen 
in a dry ice/ethanol bath, or used immediately for AUBF assay. 

To determine AUBF activity, radiolabeled GM-CSF RNA is 

30 prepared by in vitro transcription using a GM-CSF cDNA temphic v^th an 
upstream T7 RNA polymerase promoter. Runoff transcripts of approximately 
800 bases are prq^ared with specific activity of approximately 10^ GPMs/|ig 
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RNA. 5 X 1(/ CPMs of activity are incubated with 1 ^g of cytosolic lysate in 
a buffer containing 10 mM Hepes pH 7.9, 15 mM KCl, 0.1 mM DTT, 2 fig E 
coli tRNA, and 10% glycerol in a total volume of 10 microliters. Assays are 
incubated at 30°C for 10 minutes prior to the addition 20 units RNAse Tl for 
5 30 minutes at Reactions are ^lied to 7% native acrylamide gels and 
electrophoresed at 200 volts for approximately 30 minutes. Aftaivard, the 
gpls are dried and exposed to film. AUBF is detected by a gel mobility shift 
of the radiolabeled GM-CSF radiolabeled ligand. 

10 (E) Results/Discussion 

After swapping AUGUA for AUUUA elements, both wild type 
and mutant GM-CSF arid IL-3 cDNAs were subcloned into e?q)ression vectors 
with a 5* CMV promoter-enhancer and a downstream SV40 polyadenylation 
signal. Hie mutant constructs (containing AUGUA motifs for the normally. 

15 present AUUUA motifs) were initially transiently transfected by the standard 
DEAE-dextran-chloroquine method into proliferating but nonactivated Jurkat 
cells to verify subcloned cDNAs would be appropriately ejq>ressed Jurkat is 
a human T cell leukemia line whidi produces E.-2 mRNA and IL-2 protein 
afta- activation wdth phorbol esters and a co-mitogen. 

20 AftCT the transfection of 10 micrograms of GM-CSF-AUGUA 

cDNA into Jurkat cells, their viability was >50%. Cells were maintained for 
an additional 30 hours prior to the addition of 5 micrograms/ml of 
actinomycin D to prevoit fiather transcription. Total RNA was subsequently 
harvested at 0, 1.5 and 3 hours for northem blotting and determination of the 

25 rateof decay of GM-CSF-AUGUA mRNA. Based upon examination of the 
gel and filtCT, equal amounts of RNA were loaded in all lanes and transfen:ed 
to the nylon filter. 

Wild type GM-CSF mRNA displayed a half time of 
approximately 30 minutes after its introduction into T cell tumor lines. 

30 Mutant GM-CSF-AUGUA mRNA decayed with a half time of greater than 5 
hours. Therefore, GM-CSF-AUGUA mRNA was at least 10 fold more stable 
than the wild type message. 
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TTie kinetics of mRNA accumulation from transfected GM- 
CSF-AUGUA constructs were investigated. For these studies, Qiinese 
Hamster Ovary cells (CHO) cells wcrt transiently transfected with GM-CSF- 
AUGUA or vector DNA alone by particle mediated gene transfer (see 
5 Exan9)le 3 above). After transfection >75% of the cells remained viable as 
assessed by trypan blue staining. At 8, 20, 26 and 32 hours afta* transfection, 
total CHO cell RNA was harvested and 10 micrograms analyzed for GM-CSF 
mRNA by northern blotting. Evaluation of the gel and filter revealed the 
RNA was intact and equally loaded and transferred to the riylon membrane. 

10 Autoradiography after hybridization with radiolabeled GNtCSF cDNA probes 
revealed specific signals only in cells transfected with GM-CSF-AUGUA but 
not with the vector control. 

GM-CSF mRNA declined with first order kinetics which is 
consistent with ejq^ression patterns typically seen after transiait transfection. 

15 E?q)ression was maximal at 8 hours which showed gradual extinction to 
^proximately 1/5-1/10 that level by 32 hours. The supernatant was pooled 
and assayed for GM-CSF protein. 10^ cells transfected with GM-CSF- 
AUGUA produced a 20 fold excess of protein. Because the cDNAs were 
transfected in identical vectors undo- comparable conditions, the increased 

20 accumulation of GM-CSF-AUGUA mRNA is believed to be the result of 
enhanced mRNA stability. 

These studies were repeated in unstimulated normal peripheral 
blood mononuclear cells (PBMCs). Total RNA was isolated at 7 and 24 
hours after transient transfection (by particle bombardment) with the wild type 

25 or mutant GM-CSF or IL-3 vectors and in the case of GM-CSF transfectants, 
supematants were saved for assay of GM-CSF protein production. 
Autoradiography after northern blotting with GM-CSF or IL-3 radiolabeled 
probes of total RNA isolated from transfectants revealed approximately 25 
fold excess GM-CSF mRNA or 50 fold excess IL-3 mRNA produced from the 

30 mutant compared to the wild type constructs. 

In addition, the ELISA revealed that GM-CSF protein was 
secreted at 25 fold greater levels after the transfection of the mutant compared 
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to the wild type construct. In this case, GM-CSF-AUGUA transfectants 
produced approximately 2.6 nanograms per ml GM-CSF protein compared to 
96 pg/ml produced jfrom cells transfected with the wild type construct. These 
data demonstrate that normal resting human PBMC, like tumor cell lines, 
5 CHO or Jurkat cells also selectively over-accumulate GM-CSF-AUGUA or 
IL-3-AUGUA mRNAs compared to wild type messages. Ltae;q)ectedly and 
importantly, PBMC, like transfected CHO cells also secrete markedly 
enhanced amounts of GM-CSF protein (and probably IL-3) in direct 
correlation to the amount of mRNA present. Therefore, the mutant GM-CSF 

10 mRNA appears to be translated at least as well as the wild type mRNA. This 
is a totally une?q)ected result based on prior obsavations concerning the 
regulation of wild type GM-CSF mRNA decay and translation. 

While the in vitro studies are important, they do not 
demonstrate if such constructs will be effective w4ien used in vivo. In order 

15 to answer this question, human, wild-type (AUUUA) or mutant 

(AUGUA)GM-CSF cDNAs w«-e introduced into mouse skin by particle 
acceleration. Mouse (Balb C) abdominal skin was treated with a depilatory, 
washed, and bombarded at 20 kV with 0.95 micrometer gold beads coated 
with identical amounts of GM-AUUUA, GM-AUGUA or a vector containing 

20 luciferase reporter cDNA ("control" in figure 4). Tliree mice were employed 
per ©q)CTiment to evaluate rq)roducibility. No untoward eflFects woie 
observed in treated animals other than a sli^t rash at the "blast" site. Smim 
samples were takoi fix)m animals at 7 and 24 hours, and at 24 hours the 
bombarded skin was harvested and homogenized to obtain a total volume of 1 

25 ml tissue extract Both serum and skin samples were assayed by human GM- 
CSF specific ELISA to detem^ne expression levels of the various transgpies. 
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The ELISA has a linear range of 20 to 320 picograms/ml, with a lower limit 
of sensitivity of approximately 8 pg/ml. The cumulative serum data are 
shown above. Skin extracts obtained at 24 hours after human GM-AUGUA 
introduction contained human GM-CSF immunoreactive material at >32 
5 nanograms/ml or approximately 100 U/ml. Identically prepared samples of 
skin bombarded with the wild-type construct had an average concentration of 
0.33 nanograms/ml or proximately 1 U/ml. Serum samples 24 hours after 
transfection with GM-AUGUA contained GM-CSF at 650 picograms or 2 
U/ml while the wild-type construct failed to produce detectable GM-CSF in 

10 the serum (<8 picograms/ml). Animals bombarded with luciferase control 
constructs also failed to produce detectable GM-CSF. These data 
unequivocally demonstrate that the GM-CSF protein detected in these 
experimmts originated from the transgene. Second, they show that mutant 
GM-CSF constructs are extremely active in vivo at levels (100 U/ml) at least 

15 100 fold greater than v^ld-type GM-CSF cDNAs. 

The foregoing detailed description and examples have been 
given for clarity of understanding only. No unnecessary limitations are to be 
understood thoiefiom. The invaition is not limited to the exact details shown 
and described, for variations obvious to one of skill in the art will be included 

20 within the invention defmed by the claims. 
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SEQUENCE LISnNG 
(1) GENERAL INFORMATION: 

5 

(i) AiPPLICANT: Wisconsin Alumni Reseatdi Foundation 

(ii) HTLE OF INVENTION: Method to Increase Regulatory Molecule 

Production 

10 

- (iii) NUMBER OF SEQUENCES: 11 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Schwegman, Lundberg & Woessner 
15 (B) STREET: 3500 IDS Center 

(C) QTY: Minneapolis 

(D) STATE: MN 

(E) COUNTRY: USA 
^ (F) ZIP: 55402 

20 

(v) COMPUTER READABLE FORM: 

(A) MH)IUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

25 (D) SOFTWARE: Patentin Release #1 .0, Version #1.25 

(vi) CURRENT APPUCATION DATA: 

(A) APPUCATION NUMBER: 

(B) FILING DATE: 

30 (C) CLASSmCATlON: 

(viii) ATTORNEY/AGENT INFORMATION: 
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(A) NAME: Raasch, Kevin W. 

(B) REGIS'mA'nON NUMBER: 35,561 

(C) REFERENCE/DOCKET NUMBER: 800.007WO1 

5 (ix) TELECOMMUNICATION INFORMATION: 

(A) -TELEPHONE: 612-339-0331 

(B) TELEFAX 612-339-3061 



10 

(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISHCS: 
(A) LENGTH: 13 base pairs 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: mRNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
25 AUUUAUUUAUUUA 



30 



(2) INFORMATION FOR SEQ ID N0:2: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STOANDEDNESS: single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



10 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
ATGTGGCTGC AGAGCCTGC 

15 



(2) INFORMATION FOR SEQ ID N0:3: 

20 (i) SEQUENCE CHARACTERISUCS: 

(A) LENGTIt 34 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 

(ii) MOLECULE TYPE: cDNA 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
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TACATACATA CATACATATT ACTGATTTCT GTCA 
34 

(2) INFORMATION FOR SEQ ID N0:4: 

5 . 

(i) SEQUHsTCE CHARACTERISTICS: 

(A) LB^IGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



15 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

ATGTATGTAT GTATGTATTC AAGATOTTTr ACC 
33 

20 . 



(2) INFORMATION FOR SEQ ID N0:5: 

25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
5 AGAAGCATATTnTAATAATA 



10 (2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

15 . (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
CAGAGCGCCA CGAAGGA 

25 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
30 (B) TYPE: nucleic acid 

(C) SIKANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID Na7: 

TACATA(jATA CATACATGAG A^CACAACCG C 
31 



10 



(2) INFORMATION FOR SEQ ID N0:8: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) SIKANDEDNESS: single 

(D) TOPOLOGY: linear 



20 



(ii) MOLECULE TYPE: cDNA 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NQS: 

ATGTATGTAT GTATGTAGCA GAGGAGCCAT GT 
32 



30 
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(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 
5 (B) TYPE: nucleic acid 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

10 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

15 GTTCAGAGTC TAGTTTAT 18 

(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 
(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: cDNA 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
ATGTATGTATG TATGTA 



17 
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(2) INFORMATION FOR SEQ ID N0:1 1 : 

•5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pahs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11: 
TACATACATA CATACAT 17 
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\VtUT IS CLAIMED IS : 

1. A method to increase the production of a regulatory molecule in a 
population of transfected cells comprising: 

(a) mutating a wild type cDNA sequence that oicodes an unstable 
5 mRNA sequence for the regulatory molecule, wherein the 

mRNA includes a 3' untranslated region having a destabilizing 
element conpising an AUUUA sequaice, to form a mutant 
cDNA sequence czpable of producing a more stable mRNA 
sequQice, vviierein the AUUUA sequence is replaced by 
10 AUGUA, AUAUA, GUGUQ AGGGA, GAGAG, or a 

combination thereof; and 

(b) transfecting a cell population with the mutant cDNA sequence 
so that the production of the regulatory molecule is enhanced 
by the cells. 

15 

2. The method of claim 1 wherein the unstable mRNA sequence 
comprises at least two AUUUA sequences. 

The method of claim 2 v^erein the unstable mRNA sequaice 
comprises 2-8 AUUUA sequences. 

4. The method of claim 2 wherein the AUUUA sequences are joined in 
tandem. 

25 5. The method of claim 1 A^iioein the cell population is a mammalian 
cell population. 

6. The method of claim 1 \^^le^ein the regulatory molecule is a cytokine. 

30 7. The method of claim 6 A\4ierein the cytokine is TNF-alpha, interferon- 
alpha, interferon-beta, inteferon-gamma, interleukins 1 throu^ 13, 



3. 

20 
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granuloc^e macrophage colony stimulating factor (GM-CSF), nerve 
growth factor, or calcitonin. 

8, Ihe method of claim 1 wiierein the regulatory molecule is a 
5 protooncogpne. 

9. The method of claim 8 ^\tierein the protooncogene is c-myc, c-fos, c- 
myb, c-sis, or c-rel. 

10 10. Ihe method of claim 1 A^erein the cell is transfected by 
microprojectile bombardment. 

11. The method of claim 1 whaein the cell is transfected by viral 
transfectioa 

15 

12. The method of claim 1 vvlierein the more stable mRNA sequence binds 
to AU-binding factor to a lesser extent than does the unstable mRNA 
sequence. 

20 13. The method of claim 1 whaein the cells are normal resting cells. 

14. Ihe method of claim 1 ^^erein the regulatory molecule is GM-CSF. 

15. The method of claim 1 vsiiCTein the regulatory molecule is IL-3. 

25 

16. An e?q>ression vector comprising a mutant cDNA sequence that 
encodes an mRNA sequence for a cytokine, A^erein the mRNA 
sequence includes a sequence selected from a group consisting of 

. AUGUA, AUAUA, GUGUG, GAGAG, AGGGA, or combinations 
30 thereof in the 3* untranslated region in place of at least one AUUUA 

sequence. 
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17. The e;q)ression vector of claim 16 vsdierein the cytokine is GM-CSF. 

18. The expression vector of claim 16 wherein the mutant cDNA sequence 
encodes an mRNA sequence containing an AUGUA sequence. 

5 

19. The expression vector of claim 16 wherein the cytokine is 11^3. 

20. The expression vector of claim 19 wherein the mutant cDNA sequence 
encodes an mRNA sequaice containing an AUGUA sequence. 

10 

21 . A transfected cell line comprising a mutant cDNA sequmce that 
encodes an mRNA sequence for a cytokine, vsiierein the mRNA 
sequmce includes a sequence selected fiom a group consisting of 
AUGUA, AUAUA, GUGUG, GAGAG, AGGGA, or combinations 

15 thereof, in the 3' untranslated region in place of at least one AUUUA 

sequence. 

22. The transfected cell line of claim 21 wherein the cytokine is GM-CSF. 

20 23. The transfected cell line of claim 22 wherein the mutant cDNA 
sequence encodes an mRNA sequence containing an AUGUA 
sequence. " 

24. The transfected cell line of claim 21 who^in the cytokine is IL-3. 

25 

25. The transfected cell line of claim 24 wherein the mutant cDNA 
sequence encodes an mRNA sequence containing an AUGUA 
sequence. 
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Figure 1 



A'^ Wild Type GM-CSF rPNA ^^fgf^ C' 

l' ' coding region | 3' ltTr Ai I I Ai I I A^' ' ^ 



I 



TAAATAAAT- 



Separate PCR with A7B' and CVD' sets 
Purify PCR fragments 

Mix, denature, anneal overlap between B' and C regions and re-PCR with primers A'/D' 



i 



Mutant GM-CSF cDNA 

coding reqion I 3» i JTR AT6TATGTA ■ 
^ ' — TACATACAT- 



Subclone into "T" tailed CMV expression vector or transcription vector 
Gel mobility shift assay to determine AUBF affinity 
Transfect poor AUBF binders into PBMC or Jurkat cells 
Determine mRNA levels, decay rate and secreted protein 
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FIGURE 2A 



GM-CSF-1: 5' ATOTGGCT GCAGAGCCTGC 3' 

GM-CSF-2: 5* TACATACATACATACA TATTACTGATTTCTGTCA 3' 

GM-CSF-3: 5' ATGTATGTATGTATGT ATTCAAGATGTTTTACC 3' 

GM-CSF-4: 5' AGAAGTATATTTtTAATAATA 3' 



FIGURE 2B 

IL-3-1: 5' CAGAGCCCCACGAAGGA 3' 

IL-3-2: 5' TACATACATACATACA TGAGAACACAAGCGG 3' 

IL-3.3: 5' ATGTATGTATGTATGTAGGAGAGGAGrGATGT 3' 

IL-3-4: 5' GTTCAGAG TCTAGTTTAT 3' 
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